Abstract
INTRODUCTION
A wide range of bird species return to reoccupy the nest sites or territories that they held during the previous breeding season ('site fidelity' as defined by Gauthreaux, 1982) . Based on a large number of studies involving marked individuals, return rates to breeding sites by birds are now known to be highly variable and influenced by a variety of factors including previous reproductive success, sex, and age of the returning individual (e.g. Newton & Marquiss, 1982; Shields, 1984; Gratto et al., 1985) . Fidelity to wintering areas by migratory birds has been less well studied and many details concerning this behavior are unknown, but evidence from the literature suggests that they do return to the same winter location from year to year (e.g. Nickell, 1968; Nisbet & Medway, 1972; Ramos, 1988) . Among the North American breeding species identified as nearctic-neotropical migrants by Rappole et al. (1983) , at least 49 demonstrate some degree of wintersite fidelity (McNeil, 1982) .
Some of the advantages of site fidelity for wintering birds are similar to those for birds returning to breeding areas. Familiarity conveys potential advantages in terms of site dominance for resources, knowledge of spatial, daily and seasonal variation in resources, and I.G. Warkentin, D. Hern(mdez enhanced ability to avoid predation (Gauthreaux, 1982; Shields, 1984; Dobson & Jones, 1986) . Despite these potential benefits to birds returning to the same site each winter, age-related differences in fidelity have been noted for short-distance migrants such as the dark-eyed junco Junco hyemalis, with those birds that do change wintering sites moving to climatically more favorable locations as they get older (Ketterson & Nolan, 1982) .
Given the extensive loss of forested habitat across neotropical regions over the past few decades (Lanly, 1982; World Resource Institute, 1992) , we were interested in examining patterns of wintering-site fidelity among nearctic-neotropical migrant songbirds and the significance this may have for species facing habitat destruction. Substantial population declines have been reported for nearctic-neotropical migrant landbirds over the past four decades, particularly among forestbreeding species (reviewed in Askins et al., 1990) . Plausible links have been drawn between these declines and forest fragmentation in North America (with its associated problems of nest predation and parasitism; Terborgh, 1989) , as well as the loss of wintering habitat in M6xico, Central and South America (Robbins et al., 1989) . Recognition of the latter as a potential leading factor in these population declines has led to greatly increased efforts to understand various aspects of the ecology of nearctic-neotropical migrants during migration and on their wintering grounds. However, generalizations continue to be difficult to establish regarding particular aspects of migratory behavior and winter ecology in nearctic-neotropical migrant species. Detailed data on migrants from specific sites across Latin America remain scarce, and broad geographical studies have not yet been initiated (Morton, 1992) .
Here, we present data on site fidelity for nearctic-neotropical migrant passerines collected during mist-netting studies over a period of several winters at a Costa Rican mangrove site. As well as discussing the factors which may have influenced the rates of return observed, we examine site fidelity between winters and how it relates to conservation and habitat management for migratory species.
STUDY AREA AND METHODS
The study was conducted in a 640-ha coastal mangrove forest that lies in the delta of the Rio Jes~s Maria on the Gulf of Nicoya at Tivives, Puntarenas, Costa Rica (9°52'N, 84°42'W). This area is located within the transition zone between wet and dry tropical forest (Hartshorn, 1983) ; the rainy season extends from May through October and mean annual precipitation is approximately 1800 mm. The mangrove is dominated by pure stands of Rhizophora racemosa on the seaward side; bands of Avicennia germinans and A. bicolor along the inland edge constitute about 40% of the total area (Jim6nez, 1988 (Jim6nez, , 1990 . Hillside areas used in this study lie adjacent to the mangrove and are covered in second-growth forest dominated by Guazuma ulmifolia, Cecropia peltata, and Cochlospermum vitifolium creating a canopy %10 m tall, with some remnant Enterelobium cyclocarpum up to 30 m tall.
The primary data for this study were collected over two successive winters: November 1990 through March 1991 (1683 net-hours), and November 1991 through January 1992 (1345 net-hours). The trapping area covered 4-8 ha of Avicennia germinans and consisted of 45 net locations placed in three parallel lanes 50 m apart; each lane had space for 15 nets (12 m × 2 m, 36 mm mesh), with 20 m between each net. We attempted to maximize capture/recapture rates in the areas being sampled by locating net lanes in sectors of the forest where canopy heights did not exceed 7 m (range 4-7 m). Foraging height for the two main migratory species captured during this study were well within the height range sampled by the nets (Warkentin, unpubl, data) . Each line of 15 nets was opened for 4-5 h in the morning, beginning at, or shortly after, sunrise (approximately 06.00 h local time). Monitoring was conducted for 3-day periods in November 1990, January 1991, March 1991 (all three months constitute winter 1990-91), November 1991 , and January 1992 (winter 1991 . A further 15 nets (also placed 20 m apart) were set in two lines 50 m apart in a patch of secondgrowth forest adjacent to the mangrove. This area also was monitored for 3-day periods during winters 1990-91 and 1991-92 and the net-hours accumulated here are included with those given above.
Additional data on long-term fidelity were obtained as a result of earlier work conducted at the same location from September 1985 through March 1987 (2380 net-hours). On monthly visits to the mangrove during this period, I0 nets were set up along two trails within the grid area later sampled. Mist netting was carried out from 06.30 h to 14.30 h for two consecutive days each month except for October 1985 and February 1987 when no trapping was done.
Nearctic-neotropical migrant birds caught were marked with United States Fish and Wildlife Service numbered bands. Prothonotary warblers Protonotaria citrea also were marked individually with colored plastic leg bands. These color markers on prothonotary warblers were used for behavioral observations in an associated study. Where possible, birds were aged and sexed. Criteria for distinguishing age and sex were developed from Pyle et al. (1987) . All migratory species were measured to determine wing chord to the nearest mm, culmen and tarsus to the nearest 0-1 mm, and mass to the nearest 0.5 g. An index of body condition was derived for all individuals by scaling mass as function of wing chord length (as commonly used ir avian studies; e.g. Zink & Remsen, 1986; Korpim~iki 1990) . We assumed that greater mass per given bod3 size was indicative of better condition amongst bird~ established on a winter area. Due to concern about th~ impact of such factors as feather wear and molting or Neotropical songbird winter-site fidefity 145 wing chord measurements, we made similar comparisons of body condition using mass as a function of tarsal length (Jones, 1987; Moreno, 1987; Freeman & Jackson, 1990 ). As we found no difference in the results between the two condition indices developed, we present these data in the more conventional form using mass as a function of wing chord.
Statistical analyses
Using chi-square tests, we compared the rates of return by prothonotary warblers to our study area between the sexes, and to mangrove or adjacent habitat. Differences in mass and body condition between returning and non-returning individuals were examined with a nonparametric median test (Mood, 1950) for both prothonotary warblers and northern waterthrush Seiurus noveboracens&. Birds originally banded in winter 1990 91 were assigned to either the returning or nonreturning category based on whether or not they were recaptured in winter 1991-92; morphometric data collected in winter 1990-91 were used in these analyses. We also assessed seasonal change in body mass for northern waterthrush and prothonotary warblers by comparing values through t-tests for birds captured in November (early winter), January (mid-winter), and March (late winter); where warranted by small sample size or heterogeneity of variances, we used the median test. Data sets for both northern waterthrush and prothonotary warbler included individuals that were recaptured within and between seasons for winters 1990-91 and 1991-92; 97 of 280 northern waterthrush and 66 of 310 prothonotary warblers captured over both seasons were trapped two or more times within seasons. To maintain sample independence for these comparisons, one of two years was randomly chosen for individuals with captures in both winter seasons. For those individuals with multiple captures across a season, we again randomly selected their mass (or a mean value for multiple captures within a trapping session) during one of the three winter trapping sessions identified above. Data were tested for homogeneity of variance and normality.
RESULTS

Site fidelity
We examined rates of within-and between-winter site fidelity among migrants captured using mist nets over two trapping periods. Of the 15 nearctic-neotropical migrant species banded in both seasons, six species had at least one individual which was captured again within the same winter trapping period. In total, 168 (24%) of 700 individuals were captured on more than one occasion each season ( Color-banded prothonotary warblers initially trapped on the hillside were observed leaving and entering the mangrove at dawn and dusk (Warkentin & Morton, 1995) , but no prothonotary warblers trapped in the mangrove were observed outside of that habitat. Return rates of males and females were similar (X 2 = 0.27, d.f. = 1,p = 0.60); 11 (11.8%) of 93 males and 13
(15.7%) of 83 females were recaptured. We did not test for habitat differences in return rate of northern waterthrush as only two were initially banded on the hillside (one of these was recaptured in that habitat in the winter of 1991-92). The sexes are not reliably distinguishable in northern waterthrush. A total of 155 migrant birds of 13 species was trapped during the initial stage of the study, 1985 (Hernfindez et al., 1987 . Among these were 74 northern waterthrush, of which three were recaptured during subsequent trapping in winters 1990-91 and 1991-92. When recaptured, two of these birds were at least six years old and the third was at least 5 years old. No other individuals from this group of migrant species were retrapped during the latter two winters of the study.
Morphometrics
We examined differences between various aspects of body size for returning and non-returning northern waterthrush and prothonotary warblers (Table 2) . Both mass and the body condition index were significantly greater (p <0.05, median test) in those northern waterthrush which returned than those which did not. There were no statistically significant differences for any of the comparisons made among prothonotary warbler males and females for returning versus non-returning birds. We compared within-season change in body mass ( Fig. 1) for birds trapped in November (early winter), January (mid-winter) and March (late winter). The mean mass of northern waterthrush remained steady through early and mid-winter (i.e. no statistically significant difference) then declined significantly (November vs March; t-test, t --5.05, d.f. = 142, p <0.0001: January vs March; t = 5.20, d.f. = 152, p <0.0001) in late winter (Fig. 1) . The mean mass (+ SE) of northern waterthrush (male and female combined) caught through the entire winter was 15.0 + 0.9 g (n --140). This is significantly lower (t --10.44, d.f. = 427, p <0.001) than the mass reported for birds migrating through Pennsylvania in both spring and fall (Clench & Leberman, 1978) ; birds caught during this period are subject to migratory fattening and these values may be different from those of breeding birds (for which there are no known published data on mass; Dunning, 1993) . Mean body mass of female prothonotary warblers changed over the winter season (Fig. 1) . Their body mass dropped significantly and was lowest in mid-winter (November vs January; t-test, t = 2.46, d.f. : 128, p = 0-01), then peaked among birds caught in late winter (January vs March; median test, )(2 = 5-10, d.f. = 1, p = 0-02). There was no statistically significant difference between female mass in early and late winter (November vs March; median test, A 2 = 2.62, d.f. = 1, p = 0-10). Male mass did not change significantly over the winter period, although it showed a similar tendency to be greater in late winter (Fig. 1) . The mean mass (+ SE) of prothonotary warbler females caught during winter was 12.5 + 0.7 g (n = 82), while that of males was 13-0 + 0.7 g (n : 92). These values were substantially lower (respectively, t = 15.91, d.f. = 103,p <0-0001; t = 17-58, d.f. : 202, p <0.0001) than those reported for birds breeding in southern Indiana (Kowalski, 1986) .
DISCUSSION
Estimates of breeding-site fidelity are generally based on intensive nest searches and the identification of individually marked breeders. In contrast, rates of fidelity to wintering habitat reported in the literature are derived primarily from general mist-netting studies, and levels of return obtained through this technique tend to be lower than those reported for breeding birds. Holmes and Sherry (1992) have recently reported the use of intensive searches to monitor winter-site fidelity in Jamaica, which resulted in rates of return comparable with those of breeding birds in two nearctic-neotropical migrant species. Because our data were developed from general mist-netting, they must be considered as relative indices of abundance.
Several individuals and groups have now accumulated data based on mist-netting for the between-winter site fidelity of nearctic migrant birds wintering in the neotropics (e.g. Kricher & Davis, 1986 and references therein). However, with the exceptions of Diamond and Smith (1973) and Ely et al. (1977) , few have been able to accumulate large sample sizes to study the return rates of specific species. Sample size could be a problem in attempting to understand differences in the extent of site fidelity between winters for particular species across their range, or among species. those of other studies also was limited as similar data from other sites in the region are scarce (Table 3) . However, regional differences in recapture rates for northern waterthrush were revealed when results from our study were compared with those from both Jamaica (A~ = 10-56, d.f. = 1, p = 0.001) and Venezuela 0( 2 = 4.94, d.f. = 1, p = 0.02). Any differences in recapture rates seen among regions (or within species) may reflect a number of factors other than true intraspecific (or interspecific) differences in site fidelity. As well as potential differences in recapture effort between studies, there may be regional differences in survival rates and fluctuating resource availability at the sites examined. Variability in recapture probability both within and between seasons also may be a factor, but substantive data covering a variety of species on this aspect have yet to be published (but see Holmes & Sherry, 1992) . Some species potentially are more susceptible to retrapping than others and differences in such aspects as behavior could affect the perceived rate of return. Northern waterthrush are highly territorial in winter and show strong faithfulness to very specific locations between years (Schwartz, 1964) . In contrast, prothonotary warblers join, or form, mobile flocks in winter (Morton, 1980; Warkentin, pers. obs.) . Because of the nature of the social structure and related movement patterns of these two species, it may be more likely that a northern waterthrush would be recaptured than a prothonotary warbler.
Factors influencing rate of return
Among northern waterthrush, mass and body condition indices were significantly greater in those birds which returned to winter in Tivives mangrove than (1992) those which were not recaptured the second winter (Table 2 ). This result could have stemmed from birds caught early in winter, when they were relatively heavy ( Fig. 1) , having a greater probability of recapture than those lighter birds caught later in the season. However, northern waterthrush caught in late winter of the first year of this study were just as likely to be recaptured in the second winter of this study as those birds caught during early and mid-winter (t, 2 = 0.12, d,f. = 1, p = 0.72).
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If mass and the mass/wing chord ratio are accurate reflections of body condition in northern waterthrush, then it would appear that larger and/or higher quality birds are better able to survive from year to year and return to maintain their winter territories. But the return rate we have presented is only a minimum estimate of survival. Non-returning birds did not necessarily die during migration, or on the breeding grounds the previous summer. Birds holding suboptimal (edge of the mangrove) territories the previous winter may be more likely to move to new wintering areas; although there was no suggestion of an edge effect (i.e. territory quality varying with location in the mangrove as represented by one of the three net lanes set at increasing distance from the forest edge) on return rates (~ = 4.77~ d.f. = 2, p = 0-09). The small number of yearling birds trapped made it impossible to assess the effect of age on return rate. Being unable to sex northern waterthrush also precluded investigating intersexual differences in wintering-site fidelity. In contrast to the northern waterthrush data, we found no significant differences between the morphometrics of returning and non-returning prothonotary warblers. Nor did the sex of an individual, or its primary habitat (area trapped: either mangrove or hillside), affect prothonotary warbler rate of return. However, there were distinct seasonal changes in body mass demonstrated by both prothonotary warblers and northern waterthrush. Although sample sizes are small among prothonotary warblers for late winter trapping, both sexes show general increases in body mass through the season. There was a dramatic decline in the number of prothonotary warblers seen on this study site in March (from an average of 0.15 individuals trapped per net-hour in November and January to 0-002 in March). Pre-migratory fattening may explain increased body mass seen in prothonotary warblers at that time, although fat scores did not indicate any substantially increased accumulation of stored energy in preparation for migration among birds trapped in late winter (Warkentin, unpubl, data) .
For northern waterthrush, which remain in residence until later in spring (departing in April; Hernfindez, unpubl, data), we found a decline in mass towards the end of winter. There are reports of declines in mass of migrant warblers over winter in both the Old and New World tropics (Nisbet & Medway, 1972; Price, 1981 : Holmes et al., 1989 . Two of the three species that showed this pattern are highly territorial: greenish warbler Phylloscopus trochiloides (Price, 1981) and American redstart Setophaga ruticilla (Holmes et al., 1989) . These two species, along with northern waterthrush, are insectivorous and may be affected by shortages of arthropods on their territories as the winter, and the dry season, progresses (Price, 1979; Karr & Brawn, 1990) . Birds defending territories to feed on insect prey may be unable to adjust to declining prey levels. This may be true particularly when downward changes are extensive, as appears to occur during El Nifio years (Karr & Brawn, 1990) . The effect that we saw in northern waterthrush may have been more pronounced than normal because 1991 was an E1 Nifio year. Species foraging in flocks over wider areas, such as prothonotary warblers, may be more capable of adapting their foraging strategies to meet these changing circumstances.
Conservation implications of site fidelity in nearetic-neotropical migrant birds
Although migrant songbird species are found wintering across various geographic areas from M~xico through northern South America, Terborgh (1980) and Terborgh and Faaborg (1980) generalized the pattern as one in which long-distance migrants are clumped in the northern zones of Central America and the Antilles, with decreasing numbers of species and individuals wintering at locations closer to the equator. Gauthreaux (1982) interpreted this to suggest that migrants will travel only as far as necessary. It follows then that, among species of long-distance nearctic-neotropical migrants, dominant individuals may take up preferred positions further north while subordinates are corn-pelled to migrate longer distances. Changing winter location between yearling and adult migrations may itself entail costs associated with giving up an 'established territory' further south. But the benefits of a shorter migration could outweigh the costs of establishing a territory in a new location further north. One prediction stemming from such behavior would be that subordinate birds might be expected to occupy southern parts of wintering ranges at higher frequencies than older birds of dominant age/sex classes. Pearson (1980) noted that the percentage of adult-male plumage summer tanagers Piranga rubra in wintering populations decreases from north to south. He interpreted these data to indicate that socially subordinate immatures and females were forced south from optimal wintering grounds in the northern part of their range.
Differential migration in which the members of various age classes have distinctly different winter distributions has been shown (see review in Ketterson & Nolan, 1983) . In species such as the dark-eyed junco, a short-distance migrant found breeding in Canada and wintering largely in the eastern United States, males winter further north than females but adults winter further south than yearlings (Ketterson & Nolan, 1982) . They also noted that those juncos which were not sitefaithful between winters tended to shift their winter location southward as they became older. Due to the severity of the climate across the northern section of this winter range, such behavior may lead to adults holding the favored positions. In contrast, for M6xico, Central and northern South America where the climate is much more benign, the favored location for birds wintering in this region may be the more northerly portion. Thus, migratory birds may be less likely to return to sites at the southern end of their wintering range than the northern end.
Some nearctic-neotropical migrants with specialized habitat requirements also face increased forest degradation and loss. In these cases, the pattern of site fidelity proposed here may argue for the allocation of resources to preserve forests at the southern end of species-specific wintering ranges. With additional consideration taken for information on population density and habitat type, such action could protect areas where younger birds and females (often the limiting factor for population stability and growth) may be more concentrated. However, before setting habitat protection priorities for species-specific conservation plans based on such patterns, much more data must be collected.
Our data represent the type of information needed for species with specific wintering habitat requirements. Mangrove forests across Latin America are threatened with destruction through increased timber harvest, coastal development and pollution, and the rapidly expanding aquaculture industry (Leonard, 1987; Terborgh, 1989) . Species occupying such habitat may be vulnerable to population declines in the face of habitat loss, particularly when those species occupy a narrow range of habitat. Based on the restricted range of winter habitat types occupied by northern waterthrush and prothonotary warblers, Petit et al. (1993) classified these species respectively as highly vulnerable and vulnerable to population decline in the face of alteration to, and loss of, tropical forest.
Species with high levels of site fidelity between years may be less adaptable to habitat degradation and loss. As the distances between patches of suitable habitat continue to grow, species such as these may be more vulnerable to population loss. Returning even to the same general region may not lead to the discovery of suitable habitat, resulting in lower survival probability, particularly among habitat specialists. 
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